A multiresidue analytical method based on matrix solid-phase dispersion was developed to analyze liquid milk for 22 organochlorine pesticides (OCPs) and 6 polychlorinated biphenyls (PCBs). Initial extraction is performed by loading 3 mL milk onto a 2.0 g octadecyl (C 18 )-bonded silica cartridge with n-hexane as the eluant. Neutral alumina column chromatography with sodium sulfate as the drying agent is used for further cleanup. The eluate is concentrated to 0.5 mL, and target analytes are determined by capillary gas chromatography with electron-capture detection. The optimized method was validated by determining accuracy (recovery percentages), precision (repeatability and reproducibility), and sensitivity (detection and quantitation limits) from analyses of milk samples fortified at 10 and 1 mg/L levels. Average recoveries were between 74 and 106% for all residues except b-HCH, b-endosulfan, and endosulfan sulfate. Both repeatability and reproducibility relative standard deviation values were < 22% for all residues. Detection limits ranged from 0.02 to 0.12 mg/L and quantitation limits were between 0.02 and 0.62 mg/L. The proposed analytical method may be used as a fast and simple procedure in routine determinations of OCPs and PCBs in milk.
O rganochlorine pesticides (OCPs) have been widely used in agriculture and animal hygiene, whereas polychlorinated biphenyls (PCBs) have played an important role in industry. Both are persistent environmental contaminants that can enter the food supply because of their high stability and tendency to concentrate in fat. The main source of human exposure to these organochlorine compounds is the diet, especially animal fatty foods like milk and dairy products.
Residue concentrations have decreased in monitored foods since these chemicals were banned in most countries, although trace levels are still apparent in many food commodities. Thus, the occurrence of these compounds in milk and dairy products has been recently reported by different researchers in Spain (1, 2) and other countries (3, 4) . The fact that some organochlorine residues are detected in nearly 100% of milk and dairy product samples indicates a high degree of dispersion in the environment, although mean residue concentrations are generally well below the maximum levels allowed by the regulations of the European Union. Therefore, the continued monitoring and control of OCPs are still of great importance to ensure public health.
However, the complexity of the official methods used to monitor pesticide residues in foods does not allow the generation of analytical results in time to prevent contaminated products from entering the marketplace (5) . Furthermore, the methods are time consuming, labor intensive, and expensive in terms of materials, amounts of solvents, and maintenance of costly apparatus. Another disadvantage is that during extraction and isolation procedures much of the solvent volume is evaporated or disposed of incorrectly, polluting the atmosphere and the environment (5) (6) (7) . For these reasons, there is increasing interest in the development of new screening protocols that resolve the problems described while providing results for residue contamination that are similar to those obtained with classical extraction techniques (8) . Consequently, matrix solid-phase dispersion (MSPD), solid-phase extraction (SPE), and supercritical fluid extraction (SFE) have received great attention as promising techniques in recent years.
An MSPD method was developed to apply the advantages of SPE technology to the isolation of residues from solid matrixes, while eliminating the need for sample homogenization and removal of matrix debris before column application (9) . MSPD is a sample disruption/extraction method that involves the blending of chemically modified solid supports with the sample matrix. The mixture is transferred to a chromatographic column, and the target compounds are eluted from the column with an appropriate extracting solvent or solvent sequence (6, 10). This technique has been successfully used for the extraction of a wide range of environmental contaminants in a variety of solid sample matrixes such as meat (9) , beef fat (11), fish and shellfish (6, (12) (13) (14) (15) , and fruits and vegetables (16) (17) (18) (19) (20) (21) . Although MSPD technology can also be applied to complex liquid samples such as milk, there is scarcely any scientific information available about its feasibility (22) (23) (24) .
In the present study, we report a modified multiresidue MSPD method for the isolation of OCP and PCB residues in whole milk for subsequent determination by gas chromatography with electron-capture detection (GC-ECD). (i) Standard spiking solution 2.-Stock standard solutions were mixed and diluted with acetone to make a 1 µg/mL mixed standard solution containing α-HCH, β-HCH, γ-chlordane, p,p¢-DDT, heptachlor, heptachlor epoxide, endrin, dieldrin, α-endosulfan and β-endosulfan.
Experimental

Apparatus
(j) Standard spiking solution 3.-Stock standard solutions were mixed and diluted with acetone to make a 1 µg/mL mixed standard solution containing γ-HCH, α-chlordane, α-chlordene, o,p¢-DDE, p,p¢-DDE, o,p¢-DDT, aldrin, and endosulfan sulfate.
Sample Preparation
For recovery experiments, 50 or 500 µL standard spiking solution 1, 2, or 3 was added to 50 mL milk to obtain 2 spiking levels (10 and 1 µg/L). Each mixture was shaken vigorously for 2 h on an automatic shaker and was left to stand overnight at 4°C. Each sample was equilibrated to room temperature before the extraction procedure described below was followed. 
Extraction
The multiresidue MSPD pesticide extraction method reported by Schenck and Wagner (23) was used in this study. However, the following modifications were made to include PCBs and to optimize the assays in our laboratory.
A 2.0 g portion of C 18 was placed into a syringe barrel plugged with a 1.5 cm coarse fritted glass disk and 2 filter paper disks to avoid loss of bonded phase. The C 18 was conditioned by sequential washes with 5.0 mL petroleum ether and 5.0 mL acetone, followed by two 2.0 mL portions of methanol. The excess methanol was removed by gentle vacuum aspiration.
A 3.0 mL volume of milk was transferred to the column and mixed with the C 18 by using a stainless steel spatula. A 1.5 mL volume of acetonitrile was added to the column and was mixed again with the spatula. The mixture of C 18 and milk was allowed to equilibrate for 5 min.
A 5.0 mL volume of distilled water was mixed with the C 18 and milk and passed through the column while vacuum was applied to obtain a flow rate of ca 2 drops/s. The column was washed twice with 5.0 mL distilled water, the washes were discarded, and the column was dried by applying vacuum for 5 min.
The column was eluted with four 5 mL portions of n-hexane at a flow rate of ≤2 drops/s. The eluate was collected and evaporated to 0.5 mL at room temperature under a gentle stream of nitrogen.
Cleanup
A 2.0 g portion of neutral alumina, water-deactivated at 8%, was placed into a syringe barrel plugged with a 1.5 cm coarse fritted glass disk and 2 filter paper disks, and the alumina was topped with a 1.0 cm layer of sodium sulfate. The column was prewashed with 5.0 mL n-hexane, and the washes were discarded. The 0.5 mL extract from the C 18 column was transferred onto the neutral alumina column, and the column was eluted with an additional 20 mL n-hexane by using gravity flow at ca 2 drops/s. The eluate was concentrated to 0.5 mL at room temperature under a gentle stream of nitrogen. 
Analysis
Organochlorine residues were determined by capillary GC-ECD. External calibration standards (3 levels) were used for quantitation, which was based on measurement of peak areas. Samples spiked at 10.0 µg/L were diluted before injection into the gas chromatograph to bring them within the linear range of the detector. From the limit of quantitation (LOQ) to 10 × LOQ, instrument response was linear for the electron-capture detector under the chromatographic conditions described in the Apparatus section.
Results and Discussion
The proposed MSPD extraction is a modification of that reported by Schenck and Wagner (23) . We adopted without any modification the procedures for conditioning the C 18 , eluting the sample, and washing the bonded phase.
Initially, we examined the replacement of acetonitrile, which is used as the elution solvent in the MSPD step (23), with n-hexane. Acetonitrile is miscible with water, and the eluate obtained from the extraction column contains polar coextractants (23), which are not suited to the subsequent cleanup with alumina. The use of n-hexane or n-hexane-petroleum ether (1 + 1) has been reported for the successful elution of organochlorine compounds from nonpolar phases (25) (26) (27) (28) (29) . We evaluated both organic solvents with a smaller number of organochlorine compounds (standard spiking solution 1). Recoveries were comparable in both cases, ranging from 53 to 76%, depending on the organochlorine compounds. These results are consistent with those of Mañes et al. (27) , who reported that both eluants provided similar recoveries with narrow differences (about 5%). The eluant n-hexane was selected for subsequent studies.
We also tested the effects of sample size (5.0, 4.0, and 3.0 mL) because the C 18 column was often blocked when a 5 mL volume of milk was loaded. To optimize the extraction conditions, 3 replicates of milk spiked with 22 OCPs and 6 PCBs at 10.0 µg/L were analyzed. The weight of the fatty matrix was calculated before the subsequent alumina cleanup. The results (Table 1) show that not all organochlorine compounds were satisfactorily recovered from milk. Generally, it was established that recoveries and relative standard deviations (RSDs) improved as sample size decreased. Furthermore, the problem of the blocked column was resolved when a 3 mL volume of milk was used. These findings are in agreement with those of Mañes et al. (27) , who studied the effect of sample size (2.5, 5.0, and 10.0 mL) on the recoveries of 26 OCPs and reported that the best recoveries corresponded with the lowest sample size. The amount of coeluted fatty matrix in the n-hexane eluate (pesticide fraction) was between 1 and 3 mg. This small amount of fat required an additional cleanup to prevent GC column contamination and unstable baselines, and to facilitate instrument maintenance and stable detector response during continued analysis of samples (25, 30, 31) .
On the basis of our laboratory experience (32-36), we studied cleanup efficiencies, using totally activated neutral alumina that was subsequently deactivated with different percentages (2, 4, 6, and 8%) of distilled water (v/w). For this assay, only 10 OCPs were selected for testing at a level of 10 µg/L. The results obtained are shown in Table 2 . None of the OCPs were eluted when totally activated neutral alumina was used. The best recoveries were obtained with neutral alumina deactivated at 8%; they ranged from 88 to 104%, except those for β-HCH and β-endosulfan. The recovery of β-HCH improved slightly as the percentage of deactivation increased, and β-endosulfan was highly retained on neutral alumina at all levels of deactivation. To improve the recoveries of β-HCH and β-endosulfan, the eluant volume was increased to 30 mL and a more polar solvent (ethyl acetate) was used. The recoveries did not increase significantly with the additional volume of solvent (only slightly for β-endosulfan), and the ethyl acetate was inadequate because it eluted too much lipid. Finally, neutral alumina deactivated at 8% and 20 mL n-hexane were selected for cleanup of the extracts obtained from the MSPD extraction.
Thus, the difference between the method reported by Schenck and Wagner (23) and that proposed here is the use of a smaller sample volume, a less polar elution solvent, neutral alumina for additional cleanup, and the extension to 6 PCB congeners.
To validate the method, recoveries of organochlorine compounds were determined for 22 OCPs and 6 PCB congeners in milk spiked at 2 different levels, 10.0 µg/L (spiking level 1) and 1.0 µg/L (spiking level 2). Eight replicates of reagent blanks and milk matrix blanks (i.e., negative control chromatograms) were analyzed as well. The recovery of each organochlorine compound was calculated after the average concentration in the unspiked sample (milk matrix blanks) was subtracted from that found in the spiked sample.
Mean recoveries (accuracy) and the corresponding RSDs obtained by the described method are summarized in Tables 3  and 4 . Recoveries at 1 µg/L are comparable with those obtained at 10 µg/L. The average recoveries were >80% in all cases except for HCB and PCB 153, which were 74 and 75%, respectively. A relatively low recovery of β-HCH (≤68%) was noted, whereas β-endosulfan and endosulfan sulfate were not successfully recovered. These unsatisfactory recoveries were a consequence of the retention of the compounds on the column of neutral alumina deactivated at 8%. When neutral alumina is used in the cleanup step, the proper retention of lipids with complete elution of the analytes may be affected by a number of factors such as amount of alumina and its activity, deactivating solution, type of organic solvent, and calcining conditions used during the manufacture of alumina (these vary markedly between manufacturers; 30, 37, 38) . In general, recoveries obtained for most pesticides by the method described are similar to those reported by Schenk and Wagner (23) and Schenck et al. (24) ; our modified method gave higher recoveries of HCB (30% higher) and aldrin (16% higher), whereas the recovery of β-HCH was less efficient because a certain amount was retained by the alumina cleanup column.
The repeatability and reproducibility, determined by analyzing samples spiked at 1.0 and 10.0 µg/L and expressed as RSDs, were <18% in all cases except for p,p¢-DDT (21%) and endrin (22%) at 1.0 µg/L. Typical GC-ECD chromatograms obtained for milk spiked at 1.0 µg/L, the milk matrix blank, and the reagent blank are shown in Figure 1 . In the chromatogram for unspiked milk, several minor matrix peaks appear near the retention times of dieldrin, o,p¢-DDD, p,p¢-DDE, and PCB 153. The matrix peaks located at the retention times of HCB, α-HCH, and γ-HCH were slightly more visible.
Detection and quantitation limits were calculated according to the definitions of the Dutch Discussion Group for Residue Analysis (39) and the recommendations of the International Union of Pure and Applied Chemistry (40) and the Royal Society of Chemistry (41) . The study of sensitivity indicated that the detection limits ranged from 0.02 to 0.1 µg/L milk for OCPs, and from 0.06 to 0.1 µg/L milk for PCBs. The limits of quantitation ranged from 0.02 to 0.62 µg/L milk for OCPs, and from 0.07 to 0.12 µg/L milk for PCBs (Tables 3  and 4 , respectively). The applicability of the method to routine analysis was evaluated during a pilot study in which 25 milk samples were analyzed (Figure 2) . In summary, the described method can be successfully applied to the determination of 6 PCBs and 19 of 22 selected OCPs in milk. Its use for the determination of some OCPs (β-HCH, β-endosulfan, and endosulfan sulfate) is not completely satisfactory, probably because of their strong adsorption on the alumina column. Like most SPE methods, this method is very simple and rapid, requires small sample sizes, and decreases solvent consumption and hazardous waste. The method may be easily implemented in routine determinations of organochlorine residues in milk. 
